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TE TOW TURBULENCE WIND TUNEL 
OF THE UNIVERSITY OF MARYLAND - 

Whee the now Phaysice Rudiding of the University of Mandan ess 
puanned, te idea of dncluding « small wind timnel with the budiding 
weg promeled and with the sponsorship of the United Stetes Air Farce 
tre project was realised. In Movember 1963, the tunnel was complated 
avd taste dencnstrated ite ability te operate with Low turbulensu. 


This ds . forertption of the tunnel ani a manual of dia opera 


tisn. 
Degeriptione, 

The tannel ig located below greunl level, partiy within he 

40% Patidinge and partiy onteide. Figure 1 indicetes thy gamrel 
outlook’ an’ Figura 2 ekotchse the return chins], Iccated antirely 
miderground, sutaide the building. 

Oa Figore 1 we indfeated the settling chanber 1, spanmwa by 5 te 
8 gereans, where the turbulence of the incoming flow da reduced dbafore 
2 


1% emterye the contraction cone 2, The test saction 3 folleve and, 


wi 


Rad 


after a gap, the flow enters the Pirst diffasar bh. The coxners 5 
aut & ars provided with meteliie wanes and lead to the sucomd diffaver 
7. The woter and prepelicr anit iz Ilnecated at 2 and, after tx large 
turas aquisyed with wooden vance 9 and 10, the flow returns to the 
sattline chanher, Accnsa to the tummek ix possible throug the pes~ 
saga D1, the doors of the acttling enanber 1, a pansi hois at ths end 
of diffaaer kh, the lateral doors of the tert saetion 3 end the gar at 
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dtttoase bape nade out of wood ia tan rest of the tusnel ‘2 made 
of vaintorosé concrete. Tha eros gection as orthogonal oxoapt fer . 
: the motorapropeller section] vhore it. ie otrenlar. 
The settling Shmber , ou of 
The sdotion hsa a gngth or + ok 12! and the distance beteen 
perellel wille 4s 78". A double door gerxite one to enter the ahaebery 
ivayset and elenn the aersens and eventually install sasuring proliess 
Thia wavy stesl doow carricxe an amature such that the octagonal 
cross segtion ie somplete when the door is clesad. ‘han the deor 4s 
open, the sorcenz can easily be elid outside, 
& the antrance of thie chasber there are two heavy acrceng 
(phosphor brane, h neehes per fvwh, with a solidity of 0.162 defined 
aa the vetio of open aree to total area). The distance betwen thece 
soreens is 23° or 5) meshes. Those sereens are fixed by volts to 
2° steal pieces, imbedded in the cozérete end later on refarved te as 
‘7 slots, Thaee T slots (seo Pig, 3) are used in pany piaeen of 
the tessa) te anchor accessories to the concrete wall, ‘Thess heavy 
ovens enue:t be removed without demeunting the ranss of corner 10, 


The Lighter screens heave 20 rashes pex inch and a solidity of 2,236. 
They are aéunted on flet iron cctagdne) frama ani the fram is bolted 
te the T diots provitied on 5 sides of the chenber. the soreen can be 
stretchad, once in place, slimes it je held between two steel frames 

eg imifested on fig. 4. Retween the settling ohasber and the contrac- 
tiow aie, 4 ik" wide woeden ring is provided. That ring parzites a { 
slose fit betvean the etee? ring terminating the conarste work ari 
the yrefabricated contraation cons; ami 4% is bolted to the stesl 
Sing, 


. 
sae i 5 ae ALL RRD CE Mo RULEIIEA SME” BOI, ERLE ONE EE TEENIE NIE TEED 
we 


PLETE TEE ERRORS ROLES oS RBI STS SABER TE ES, 


ote es a . fod op ttt Ne ok Seg BSE 
a ar = 


th Byres od 
BS SCS * 


4 


€ td 


in OPTS LOL Aap as LAE OSes RE UN FTE SYA a 4 
- Lec ealeet pa 
7 


1" ers x . 
ae nero herpes stipe artnet =. SAAR A At Ra ene IO Rae mpeR tA a Bor A ABE 8 A I ht RAID Ran LOOT BID A he NOIRE LT TC LEN OT RB CRED LOE GIO CEE NESE IA DIOOLTE I Sy 
ey . 


te 


-” 


GUNCRETE WALL 


ww —— «= = ae oe é F 


ReceesAicmaitteia vite PCO Sate D Dror cnr eopebanipeta nema ieee apn int es ee PO Et ORL tC ALS RE ROSE INSET DSPACE RS lS, BME WO EIRP LILIA PERL TE OED LEI ION te ae =: TR. 
ae 


Dam 


y 


= ge esau 5 foe Fer 
Bra hace cerrta Ne fete ORS Can 
GSMS BEI BRE OT SLY 


The wodden ring can carry one or two fine sexvens (we used only one), i ahes: 
these Jzst screens were therefore installed without any frame pre 
i 


trading in tha tums end disturbing tha Slow next t the will. We 


ar 


installed one soreen on the ring {26 meshes per inch, solidity of . . H 
0.436)» ; : 
Tie contraction com, 3 


pt VE Meets 


Gre eentraction cove has an cctagonal orcas seotion asi the proe 
file indicated on Fig. 5. ‘This prefile vas sslected after some tests 
in tus sleotroiytic tank of tho Jercawutinal Department of the Enle 
versity of Yeryland. We tilted the tunk (dinsnsious of about 6 by 9 
fest) te hers the anslogus of # o7liniricel flow and sinmmlated the 
wall of the tuunel by a plestic dam, whose profile could be easily 
miifited. the difference of the potential, elong the wall betwen 

e two neighbouring points, was magured, ac it is anslogour to the 
velocity of an invigedd, incompressible fluid. We selected the pro- 
fila, giving » contraction of 2 te 26 in area, with a reasomable | 
length aml a midi ovarsheoting ef the wall velocity. Fig. 6 intix 
outes the yrofila, ths potential gradient, along the wall, as dates 
mined in the tank, amt a skatch of ths inclined electrolytic tanks 
fms cons wes built by McCord Industrics, Baltimore, in eight 

sections ussenbled 2t atte, end glued. The walls are 3° thick, Im 
Oluding 1/6" plywood on «ich side. They heave been asde with a great 
nesber of pine ribs, piued together, and a system of rings and legs 
competes the unit. 
' thea gone can be moved, by mea ef « jack, in the direstiea of 

the man Zlew. Thie gives easy asceas to the ring and the last sereonm 

The contraction come ig firmsd by 7 bolita to the steel ring terminating 
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the settling ebeaber ond one mmt sot try te slide the con without 
ereviously owexing that a1] oolte have beer removed. 

che marrow eni of the contraction eons ent the test sestdcn oan 
ba bolted toysther, or a screen con te jnearted in between, when & 
ig dezijxed 26 reodnes a known turbulent fleld in the test sant ion 
The test, soetion. 

the d4atance botwesn parallel veile, at the emtvesce, ts 29 5/k*s 
and the wells diverge with « * angie, wall to wali, giving ab the aad 
& walk diateres of 23. The length of the test suction is 192%. 
Withewt axy grid producing turbalenue at Caw ex ry of the text aostion, 
this divergence produces « drop of galesity slong the tect asatlen 


| 


ieraresly peopertionsl ts the creme motion, With a grid predasiag 
twebalence, the inmadary layers sgaiget the walle of the test esction 
ax more duportamt and a divergenss of the wellhe is meessery te maim 
tain n miform wen flow, Howvweur, ths angle of 2° proved to be tos 
lergs, ant & oweller divergence sonia te more sonvertsont. 


The teat aection in aonuted en 2 ateal auprart ani reste an three 


ise. Toere Logs are bolted to 2 Largm noncrete siab, poowlied as a 
Specie erevention sgaint vibratious. This alab of xpororinately 

6? Ye 22° nae a thicimess of 1%, and da on tha sew level ae the 

Slecr, Tt vests on a dre send bed, Siiling a water~proefad gavlty 

Zn the floor ef the voom. The sand bed is spyreexisaately 1.5! deen, 

Ths pas bstween the xiab onl the flees ds (ihked with pi~-nouldge 

mastic, The agstes is analog te = Tew pena SS) ter, with the sie 

acting 88 & moe aod the vend es = smdng, amd bes besa provided sa 


& prmeemtion agaizet vibrations feansmitted from tha flicer to the 
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tant section or the atande holding the mesruring probes. 

The teat section con alide on the three logs, once the belts 
securing 4t to the contraction cone have been removed. Ror this 
purpese 1¢ fs conventent to slide two oylinmiers under the steel frame. 
This parnita one to easily changes the grid preducing turbuleme, «a 
the erizy of tha test section, The tast section wae mde in two 


halves, with 3/2" plywood, giued along: the eight corners ant essenb~ 


ded in fom steel frams. Then the upper sidas vere partly rescore 
ard veplaced by windows, Each hel? has a window of about 80" by 10*, 


allowing light to exter the test asetion from above. The aide pamela 


ware alpo Reeaced by tvo doors and reinforoad ty sapscial wed pieces. 
Tixed with piano hinges, these deors of ehont 86" by 16" provides easy 
niccinns te the test e2ection., Four holes, with brass collar and plog 
pormit the ippertion of ea Pitot tube ab four selected polnts of the 

*. teat section, Six plastic tubes make it possible to commect the | 
Pitot tubes with aanometers, conveniently located. ‘The inside of the 
tant saetion has been polished and the gixse window: provida s very 
BROHOTR BALL. 
Zia _Etbe 

Betweasn the end of the test eeetion and the emrance of the first 

A4tinser & pap of about 4” permits ome to bring cesxial hot-wire cablag 
inte the tumel, to fir the static measure at this point of ths air 
strenit to movs tha test section back by 2 few inches, when If ida 
dselesd to chanss tha turbulencto-povdesing eric or the Last screen, 


on thea 6" rine, before the contrastion com. 
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3 ee . With the ap unobstructed, the atatic pressure at this point 

; an the tunnel, ofrouit i oqual to the pressure in the room; referred 
to in what follows 83 “ero peeesure. This pute all parte of the - 
tunnel, except the teat asation, usler positive atatie preseure and. 
the werlous leakages creste 2 draft of air anisring the tumel at 

the gap, Tals draft ineresses tha boundary daver at the beginning 

of the difivser, end must he radueed as much ax possible for effinient 


opmrations 

‘The gep can be tightly cloned and four pereds can be opened at 
the axl of tha firat diffozer. Thom tae diffuser operates under 
nore favorshie. aouiitions, bub the asoess te the teat osciton Is 
complicated. We tvlad to inyisil the gup eighth blades ax to sunk, 
the houwsderr layer forsad in the tast auction out of the tenmel, with 
wax preamurs et the end of the first diffuser. However, this re~ 
quires a large compreszor, adding undesirable noise and vibrations ani 
brings only anderate Lape vensrtss | 

Fimelly wm inetalied a streamiiiond acliur ai the antranse of the 
Siftuoor, avd therety slightiy ingreved the flew in the diffuser. 
‘Whe Piret diffuser. 

Tide diffuser has a wall~ic-wall angle of 5° ani coneinte of 


sewn gaetione, made of 1/2" plywsed, glue at the cornars and saueme 
bied in Ri ateel frames. These aeetions are asvembled twa by teo, 
axsept She dest one, ard amounted om angie irc: leq. The floor is 
provided with Ff elote ami bhe sections ara anchored to thase slota, 
Rabbar rina era inserted between ths soctione and the ineide bas 


an 


been ressomshi¢ rolished. 4 acrean of $3 aehee coc inch {selidity 
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of 0.836}, ineteliod meer the end of the eiftwwars has improved 

the stability of the low. 3 
‘ ae _ Four ganele of sbout 20" by 20% een be renoved ab tho and of 
the diffeser, ib ip. possible to atop te inflow at thn sap wr foreing 
air inte the tayne} theough one of thoes panele, in anier. to balance 
the ja sragars But this agein would require 2 cempresser of sox 
power (2-2 HWP, ) and would afd motse and vibrations, , 

A sat~walk uareiis cus to ercsa the diffuser. The first ssetion 
of the diffuser, inmdiately behind the test gestion, can cantly be 
revesvsd, If the teat section or the contraction cons has to be digé 
paord by a Large HBTS 
| Redwoen $e Yast seetion and the steel ring marking the sntrance 
to the concrete maturn chanuel, we found it nscgusery to insert 
woos. eine. Thia ring wag custas made, since the, steel ring dose sat 
exastly 32m ir a plam perpendicular to the axis of the funnel, ard 
eines the ai ef the diffuser algo has acre ingrfeations. This 
weedes wing fe bolted te ths stack ving. Ths walleGeuwnskl dietenas 
we the and of the diffuser is 32%, 
he _snehi sommre. 

Tea flew mov antera the concewte return channel, ami pasese 


fires though a aucoeseton of cormers. On Figura 1 we iniiasted ths 
dimemefone emi the positions of 3) steed vanes, miding the flew, 
Thowe vanes ars carved and welded ti pentagonal steel plates. Te 


wontagene! plates are peovided with slots axl am anchored agatret | 
the welts ef the tuaral to waordous Telols. te Clow turns by a 


totel of 166° withoat nest change dm the across seation and we could i 
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Ror detect ay kppreotable prescare ain, Aman can oraul between 
it verses art ‘they ‘heve bean sapenbhiod @tarbing fron the aba! 

: — wenias tint owing bask towards the propeller. 

| | A eafety worsen is provided after tim Inet vanes to stop any 
ee saat fren Yiying or rolling into the wrepslisr area. Tho actual 
soreen hag 20 veshes per inch and introdicas an unasoegeary mare 
drop, Ih fe advisable to replum it by screen offering the ema 
protection with Issa pressure drop. 
The & as %, 
The coxornte wali of thin diffuser diverge by & hO', wall to 

well, sad, affer a langth of 22', tring the channel te & wallato-walt 
Mnterse of 78%, Tho last h* qworide the transition frm the ostem 
genel oress geciicn to the ciroular croga wection. For that purpose 
the eorenrn have deen Milied with ceasrete, 


ate wtormpropelier nest ion. 


‘Tats sectdon is airoulas, arer a Iongth of 22)". The wells are 


apectshiy hsaey (1°) to previde a tamm moe, and the esctios as 
competed to the otiwr eactions hy capper bellow ant a Lager of 
stout 2” af pre-nuided matic ond tar. This siegnonrte the mechentond, 
vibrations ef tha moter prupoller sseticn fren propagebing to tha 

ther parte of the tanve}. The insite diameter is 75°. 


Two chamwel stesl franes, wing shuped, are ixbedded in the walls, 
ext emerges flugh with ths surface «f the concrete. On these rings, 
wa welded the stand supporting th: notar, consisting of steel pines 


ard chagrin a. 
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alSe 


_ dy electric conduit starting fron a convenient point 4a the 

tune soom tersimtes dn a ping within the coorste wall of tats 
So 2296 end instal the moter, we velded, 2% the higtest points 

of? the ated rings, two emall steel pieess through shich one om 
elide @ chanrel iron, carrying s small hojet. The motor can theres 
fora be Lifted and lowered on the fiser, in ths rear of the stand. 
This ereangmant perwits om to tebe the propeller out, sinus i 
will clear the central region of the tunnel. The wotor could evens 


timally pags through the accesz dosr 21 (fig. 1). The propeller can 
only bo tenered through corsers 9 and 2) ard through the dcoora of the 
settling chaber, This requires demmunting vanes ani soreeue in this 
wegicts 

After the circular section, « short transition to the octagonal, ag 
one section ocours, end ths alr flowe over 25° in straigot Line, 
Ym this area om could tabo steps to equaiiae the wilssity diptriime 3 
téon (deeteliation of a fuwelege tehind the xotor) or atep the induced i 
rotation of the ais, Se installed in this area two dehumidifiers te 
keop the air reasonably try durieg tha huxid periods. The vnter is 
svometed through a copper pipe, wiz the peseags. 

A sa% of T nlots is jeovided in thie sama arwa, ‘ihe air onald 

evertusily be heeted or cooled, md adequate water Lines ars available 


meoppte woes 


ie the teem: roeu, 
A paeesos concecte the tune] wlth tha tune] room Vhrough @ door 
{25 be bh?) openticw ie the tanmel, This eccess is necaseary to 


tremct and meintais the noter, megure ureasxure or velooitics, au 
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Lie 


irein iafTitreticons. Under the doors a anal) channel (15" uy 10*) 
Glosed by a plpvood pane? wakes 4¢ posotble to bring pipas or vires 
‘inte the Semel y without interfering with the door, 

The dione, when closed, acty on & epreial awitch iusertad in tin 
sivonts of the motor. When the doar fa opan, the propeller cannot 
be energized an? this prevides 3 gasrantee againgt the risk of 
starting the propeller end thereby inforiag aomsone working is the 
tense? Siew there are no elegtyie cublete: in the tunnel for Light 
ov apiiances (drilling machines, vacuum clisasmre, etc.), the elesiei« 
extantion cables weed for this purpose will peevort clesing the door 
ami starting the peopelier. Whee tie walle of the tunnel) sro wet, 
em mast ne be avers of the danger of electrocution by curmenta 
Slewing from any electric appliance (laxp, tool, ate.) to the around 
throngh the body. 

‘* Pratcattianm such as lower vettaase, grounie! appliznoes, rubber 


ghees, eta., shoald always be considered, 

%hs levgs corners turn the flew by 160°, and plywosd senna, 
2k" thick, vertionliy mounted o2 angie fron rails, find tc f aicts, 
prevext the formeéion of terge vortices. 

Withent the ves, largs vortices build ap in tho corner 9, with 
vertical axim, smi at irrsgular intervals they are washed avay ond 
wpoear na Rergo turtalent terwts dn the test section (with BS SOTeeLE 


Su the eeattiing chasber). An chaerver standing in cormer 5 conld very 


R 

‘ well tice this process. Without vanes, “he calocity dintriirstion 
4 im the getf{iding shaxter ig alse highis asymmbric and fLuotreting. 
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- ER: the Geo Jarge. noxwens ani the vanes the flow bescnes very: 
quiet end waiforn %% tost the efficiency of the eystem of vanes, 
° baler adeoarn, snd four fins screcta,; we eet a hot wire anannmeter 
in tneteat eecttion, and operated the tanral with eomeonn atending 
~dafzent of the veswe (corner), fig. 1), ant obatracting the flow. . 
with: a latge pam (about 37 br ht). fo differance exe’ notdovable, 
whether the panel obstructed the flew ov net, end a buret of tute 
bulenses fridewed esch shengs in ths poecition of the pene). ‘The fr 
. teense wee af the order of 2? yw with a veloaity of about 16 m/sot 
we cotuaily installed propeller wea mot dn exy sense Che 
resmlt of a spacial deaign, Wo Felt that practioally any prorelier 


would peru? we to operate the tounel, determine the afficianay of 


ret 


the tumasl ard obtain the PHCESBSrY information te proceed to the 

* wes atep: She design of a better propeller. ‘Th: actual progeller 
wee Bought feow Rebineon Vert iiating Company, whoee predustien Rize 
imiwes fen theals for ventilation over wide pressure ranges. The 
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etx ateel bisder wwe welded te a hab. Tho dlamvter of the bleis fs 
7S", leaving 2@ cluarsnes of 2% to the wall of the tunnel. fhe oterd 


werdew from ehovt ES" at ths hud te 8" at the tip. The diazeter ef 
the inch ig 22¢, ‘The propelier te designed to orate with larger 
mags Slow acl snaliler rceoesute differance than ow have in the wind 


Sacieimmatniatneintientatendetmen... simmamameaenet.” <ehin: Dt SESE oF: 


tame, Se otha wrde, s@ are opteting with a alightiy steliet 
worelier. The mewim speed ie G06 8.P.8., and Ges wheel hne beon 
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i Be slectris D.C, notor ant uetor gmorstor set 


the electria eC. notor is rated 25 H.P., 236 volte D.C a 
operates Deon the power supplied by a motor grarator set, with «a 
odjontabie speed, The motor has a top speed of 2000 R.P.M, end 
drives @ gear lox, with a reducing Zestor of 2.73. The outpat shaft © 
of thie guar tox drives dircotly the propeller. ih this way the 
peopelier can operate between 13 and 700 BPM. md the wiped has 
tho recaired power without heving a diameter larger thet 22",  {4-: 
lew apeed 0.0. moter vith the saze powr enti without gear ould 


obvstract the flew wrnsiderabiy), The unit we purchased from 


Westinghouse am thie comeny could aventually eupply awtier set of 
genre, pareitting one to oyerate tha propeller in « different apsed 
FANge 

Actually, with 700 R.F.M. the tips of the blades have a spond of 
& wj/ses, exrrespowiing to a Mach mueber of 0.2. ‘The motor hes another 
Satie ghaft, turning st th roter's speed, and located downagtrosm, 
this shaft revolves in the same direction en ths pcupelier, but could 
be weed, through a gudiable gear, to drive e conmtre-xotating propelisre 
fotaally, 4% carries a dented wheel, used an 2 tachore tar. the wheel 
medulates the reluctance cf a email amgretic ofroutt and a sell, pisky 
up 2 emell induced e.u.f. ‘he coil 4s connected to two terminals om 
the control pare, and tae spead can be wesmured with = eathede rey 
eottiessops, The sear box must be properly filled with 922 (26 
qaaets SHE L0) and ax of) level iwiiester de Jecated on the right side 
of the geav box, Gn Piz. 7 oe imiientad the basic wiring of Shs 
glestvis insballetion, wits the few mxiificatiom introduced after 
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weanipt from the renufacturer, The three-phase powr line is inter 

ruphed by the mgnstic switch M, To energize this ewiteh ons ssn 

* ase aither the Start-Step buttona on the side of the moter generator 
net or the pueh buttons dretalied ta the wiud tunnel room, The A.C. 
acter san tharefors be started from two different places as long os _ 
the wanual avitch in tha wall panel is not switched off, This poixt 
tart be tops in mind for covicus safety reason, 

Overheating of the elements OL wild cpon the miguetic switch 
and atop the meh ine, 

The A.C. powor is tapped to emrgize a trarsformar. The primery 
ize fueed and can ba switched differanthr te change the operating £6 
woOLt ages we use part of the peismry te deliver in the wi tunnel 
room 2 signal of 319 welts A.C. This aignel Llignts a red lamp when 
the magnetic mitch Mis cloned, and could be used to anargigs on 

+ electronic tachosster. 

We weasured through om of the thres pawer leads a current of 22 
amp Wem the gererator was not leaded. The starting correst jJouon 
frow sexo to a peak of S600 amp, thea semainn at abou® 35.) mp for 2 
seconde. Under load the current dees not exceed 150 ay. The 
actual faves are rated 200 sap. The snoontary winting of the trens~ 
Seamer drives a rectifier, ard the 0. o.mf. ds used for excitation 
of the D0. generator ani motor. fe otart the D.C. sotor ome ant 

tetas & speed contre] whesl on the lover apsed position. his 
protests tha propeller fron large starting torqmws. In this pasie 
t$on the Speed Control Switch (wes Pig. 7) ds closed, ant preasing 
the D.0. Start button sterta tas adter. 
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+. When the 0.0. Start tutton is closed, the mgmtic switch K cloves 
the mtor srazture ciroult, and the sieilijary ewitsh 1 Ma. - This 
¥ erergises tha wegretie reley 2C B visas function je to maintain 
| rele L# snoryzlsed. >. stop the 5.0, moter ons oan either push the 
DeGe Stop button or open ths door to the wind tunnel. ‘The Door 


The Dy GRRE 9-0 AER RE SSRN iE Me MA ES, 


Suiteh prevents operating the tonnes when the door ie open. Orer~ 
hastiag of 10 L by a Jarge armture cirent opens ewitch 10 1. and 
stops the D.C, notor. ‘The magnetic relay FA raduess the exitatida: 
of tha gererater wher efter the aranturs current cr the revtdfier 
tere fem de too large. Yris devise operates uuier accelerating cone | 
ditdons or udlexr maximum ssrodynanis Load and the relay FA flutters. 
Uider lares eerodynamis deed this device brings a drop in the epred 
of the tume] and unstable cpration. A more afficient provelier or 
& revised electric arrangsment would eliminate this difficulty, 
Speed control cperater by first inereesing the ganerater exitstion 
end thea veinsing the wotor axitetice, The tachometer ie connasted 
te te terainale on the avitch box. TR delivers « signal whess free 
qteasy y] ig porpertional to the anguler velocity of the propelier dy 
a teeter, 12 = 2.73. The binds frequency is i /5.46. Wig. 8 Sutf> 
sates the taaie dispositions of ths switch tox, The ouoling of the 
motor generater get presents som: difficulties and ora must we at 
all timss the vindox fan iratalled in the machines root, 
ater Infiltration .xd eondensstion. 

tka vetura sovbicn, oviside the butiding reats on a inyar ef 
sostse gravel, cyer the wlistucbed greund. After the relnforeal 
comsvute wee in place, the pit wee Pilied with cinder and a Tust 
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Inger of carthe On each side of ths concrete work, in the coerse 
S gravel, tam draining lines have been provided. The ‘purpose of this 
*: 3 dian 298 sollect the water under the tunel end to bring into 
the vain water lnk, located in thm wind tunnsl room and used for 
the vhole eysice Building. An electric purp remover tha water fron 
the. sinks, omen tt has aocuatlated an watfiscieat quate Ivye Sime 
the water fleva easily éurough olive? or grave), t% axpsct no bpiree 
static yroceure. We obaerved that iarge pools of weber remined for 
eee Ciee on the surface of the groan’, shore ths funnel, after wajor 
peucipitationy, but they miy be only a consequence of thi relative 
isgnrreabliity of the top layer of earth. Befers the tunnel ses 
painted on the ingide, va noticed wet areas art fnflitvation:, After 
the paint ‘wae applied, iselnger coourred only in the narrov corners 
at the entrance of the secom! differsr. The water appsrentiy eseps 
threugh capillary slits ard emrges in tollow epots. dAttanpts te use 
& coment (Statry, ete.) failed since the water lesked out clesvhore 
Fineliy wa aut smell imvigation grecves in the bottem of i 
tonne! and Jet the water accumiate im a amali well (2 cubic inches 
shout}, lecated immediately behine tha protection mnarven. In tia 
well are tee elcotrodes ani when the water level is hign anouga, & 
aneli slastrie pam (electric feel. pump for heary trusinn) da switched 
os oy ths firet elactroda. When the well ts dried, the secami eige- 
trode turnz the pomp off. the water ix posped outudde through « 
euppar pipe, torwinating tn the room, ualer the last section af the 
Pivat aiffueer. fhie corner wipe dy eset ne ground connector fer 
the gleatrvonte relay driving ths pump. This solution is pwovlsery 
sinoh Zt ds known that auch water infttitrationg shange +i th tine. 
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i ? Wan the well of the tunnel 4s sold, coniensation tukes placa 
Then the delmatidifiers met os termed on, wid fhe tonnes] mat de 
Clowed, When the temperature drops below Proexing, the Geheaidie 
fiers magt either be turned of f or protected against frost. 
Water end condsrestion has sever interfered sith the opsrae 


tien of the tuswmis the mobilen ig a mths of maintenance. 
Feit. 

Toe fnaide walle of the concrete part-of the tunnel wre sand . 
planted, and © primer isinilar to Sery 700, tates inglwering Seeger, 
Wi Yatngten, Delaware) was uned befers ths fine), coating wex appifad. 

Tee touting itself? vas Hooper, Sery 700, seme nenufectorer, Tim 4 
minis thickwess 4s .006 inches, but the paint did not fii alt the j 
cavities of the concrete, since sows of them ara forming smadl cavete i 
Beewwer, ao dusb ie producsd by the sonorete and the coating ia quite 
Sagizterm to abragton: : 

The uge of subber shoss ani ether sinilne precautions is strongly i 
Ratowmesned. 

‘fos meoprenma coating hel avery marked effect on the ascourticn’) 
properties of the tunnal. 2% inteaduesd a vary desirable damping : 
awl comtrilutes sartainky to the quiet operation of the tunel. 
Preasaras sc evergy- 

We Zoumd tied the various statie and dynamics uvesocures abies 


waries as the square of the vwoloodty et the entranme of the toast 


section, ster vied of serstene of Large vanes ww inatalisd. This 
mang thet the afficiensy ie imtependent of the enced, amept Jnr 
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The muxisum spead dapands upon ths rusher of screens instalies 
and the temporutare of tha moter gencsator act. Operution vith lov 
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turbulence te possible up to LS reters/ses, or aren 50 m/sece On 
top of Pag, 9 the indisations mfer te the operation of the tunmmed 


ETM RE Rae Foren. whaseemat ane oy 2 6 os 


tet ¢ fe retn ot emanate 


without lerge yvanes and vitheut oy orreen. The flow in the estiling 
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aaxber ia umsteady an) tis turbulesse oredauces Large loseas in the 
tect cacties, Te energy ratio is abut 2. = 
Shed the large vanes ait the tre leres ecreans () meshes per 


Wb setbw) 
Tewetes oth CaS 


ib} the Flew is in the sattiiag shevher cr the test section Ineres 
ave re@uced. fowsr.. the inflow ot the gep craetes aoms large flose 
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teaticns in the differor. ith fire siktiticnel screens, ad indicstad 


af 
oe 


on Fig. 9, > Tc. the efficieray ef the diffuser is eomvbst improved, 
The screens introduces ahiitional lessee ani tie snargy ratie in 2.2 
te 2.3. Te Mow is new steady at si points. Tos omergy metic could 
: be inpewrad Dy inetelling « Detter peteotion serscn osfore tie 
propalier. 
With a speed of 40 s/see xt the entrance of the test ssctian, 
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ens with an umercy retio of 2.7, ths sorrssponting power is s#beat 
§2.P. We estinsie the efficiensy af the wher propeller unit at 
27, mat therefore the slectric power seceswary t¢ neintein this 
apes? becarms 18 1.>, | 

ter gor speeta would therefors require « better prepelises, or 
a syetem of contra-rotating prepelters. A streen lined bub cround 
the eetscr would alec impreve the afficiey. dicteally, the sexless 
svwet te ghout 15 mfeec or 30 amb, Yan « grit is introducsd at 


the erbreme of the test sacticn 2% crestos 2 large pressure ding, 
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of the order of 2 times the dlfferance between dynamic and static 
; Teesaures, Under such circumstances, the tunnel crerates with en 
P anergy ratdo of less then 1 and the lepgaot loszes are due to te 
turbulence rmroducing grid. Highsr apsets wud requiv 4 differant 
propeller. , 

From information supnolied by the prop ilier's sanufacturer and 
the onerey catio cf the tunnel, wo could draw Fig, 10. ‘The tunnel 
gharacteristic indicates the operating conditdons and the other 
eames are nbotted for constant 3.P.M, Furthermore, the mmnuface 


tusear indieates thet painta Ab OD correspond to electrical mxzieo 


ves powers of S, 10, 20. ani }0 H.P. A xongh estizste of the retin 


of electrical poxer input te sermndiynemics’ power cutput sives ywalors 
tetvess 6.3 ard 0.27, 
Turbulence 

@:. measured the desree of turbuiencs, defired ag the root meen 
square of the velocity fluctuation In the direction of the man few, 
divided Wy the aan velooity, Ali seuguremante vere mdco in the tess 


gection, shont $0 inches Prom the entrance. With the large vanes sad 


tem Sera aoveene (hh weshow per inch) we fount the velues iniicated 


by eresaee om Fig. 21. 4€ 10 n/sos tha turbulence was about 0. bt. 
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With the addition of one screan, mounted on ths Largs ring just* beZare 
tha contraction the turblonce was reduoed by a factor h, The valuss 
are indissaterl Sy circles om Fig, 1, Aftex addition of tye screens 
in the setbling chamber and two other sereens in the diffusers. wae 
ebserred mother caduction by « Taater 16 and a turbulence of .02 te 


203 percent ut high xpscis, Tre points ara Indiested by dota on Fig, 21. 
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Belew 15 w/sec va found that tu hot-wires located on a plam 
perpendicular to the man flow but separated br 29 to i5 inches 
indicate strongly correlated floctuations., ‘This means that tie 
fluctuations are one-dimensional ami corvespend to “organ-pipe” 
osei Letions. An apparent turbulence ef 207% 
guch coulitions to. pressure fincbiations of 5 dynes per ae or t 
sound at epeech level. The signal of the hot wire fluctuntes slowly 


Sanyenpores umes 


and dose not indicate a perticuler superpositicn cf various fre~ 
quencies, 
&t igher epeeda the wignel appoere more random, the Jatersai 
correlation fdils, ani the turbulence doas not vary with the mam 
velocity, &¢ 3% m/sec we found that the lateral correlatica feliz 
corer 2 awd that the averages “length” ef the eddiss is ebout 10%, 
inticating that the turbulence 1s strongly asymmetric. This effect 
ig due te the contraction cone. 
| W@ arvived at the conclusion that aocoustioal phemoweng sre 
dowirant up te 15 n/sen, ani that turbulence becomes important for 
higher speeds, The Reynolds! nember besed on eddies of 30 em, anf 
velocity fluctuations of 30 m/eso reduced by 2 fact tor 107% is of the 
exvder of unity and therefore those Large eddies are rether atadle, 
Further veduetion of the turbulanes or soumi fluctuations wuld 
require more ecresne in the settling chamber or some large screen 
oy honsycomb to filter ont ths large eddies. % reduce sccounticad 
effaste, one could porhape replace the large vanes by sintier renes 
exie ont of some aouni abgorbing material. 
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TURBULENGS IN TEST SECTION 
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We tested the turbulence of the flow coming out of the contre. 
tion cons when « screen ig placed at the entrance of the test seto 
tien, randerizg the flow in the test aection highly turtelent. Thix 
han been coos by peesing 2 hot wirs holder through the meshes of the 


grit, and placing the wire about 2" upstream of the grid. Under such 
oixwumetmices, the turbulence of the incoming fiow ia slightiy larger, 
ag irticatad by the ame] trimegior on Fig. UL Ws ctserved with this ‘ 
arrmgesant thet the inconine turimlence has s email leteure) corme 
intion, ead that the Jengitudinel sise ef the eddisg is about 27 at 
& w/wace 
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The Suaned haa bean uae evor saverel monthy md exscinente o7 
Rgzotropic turt:lence heave bean porfergsd. We found that, after a 
warning tine of ubowt i howr, the tusas) wae elercy aml thet speed 

gud temperature remained constant. The scise from the tune] in very 
Low end no vibretions interfaradi with tha manaurenmente. 

the rether narrow ard long test sactis: is tdeal for tue lavestic 
gationa on legrangien correlations, that is, for correlations from ths 
point of view of sn observer traveiiscg vith the “how. 

The low noise represents favorable conditions for ths study of 
turbulent pressure fluctuations. ‘Tails aspect of turbulense is stil 
unexplored for lack of a convanient minropiicns, aad ths tunnel conld 
be wed eitsexr for the design of » auitadle microphone or foe moagureo 
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‘The affect of = contraation on turbulence could he studied fn iF 
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